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The experimental work for improving sugar beet machinery was origin- 
ated and is being continued by a number of agencies for three reasons: (1) 
large amounts of hand labor are necessary to grow the crop and production 
costs are therefore high, (2) hand labor is required in two very distinct 
and comparatively sharp seasonal peaks, and (3) there is an imminent short- 
age of sugar beet labor and has been even during the recent years of ex- 
treme unemployment. 


Numerous studics have been made to determine production costs and 
labor requirements of different crops, sugar beets among them. Recent fig- 
ures from California, where sugar beet production is on a large scalc, show 
that 75 man hours per acre arc required to grow the crop. Of this, 36% is ° 
for thinning and hoeing in the spring and 33% is for topping and loading at 
harvest time or a total of 52 man hours per acre of contract labor. These 
figures are probably bclow the average for the entire United States. 


There is, of course, a more or less uniform labor requirement for 
seed bed preparation, planting, cultivation, irrigetion and harvest, but 
the large demand for sugar bect labor comes in the spring for thinning and 
hoeing and in the Sage for topping and loading. In California where tho 
thinning and harvest scasons arc comparatively long, these labor peaks are 
high and thet in the se: is especially sharp. This means that large 
crews of men are neccssary for comparatively short periods and must find 
other work or: lic idle for considerable timc. In the other sugar bect sec- 


tions where the thinning and harvest seasons are shorter the labor peaks 


are even sharper and the situation would be worse if it were not for the 
diversification of crops. 


Near labor shortegos occurred in California last: fall during sugar 
beet harvest and this spring during thinning. In ‘othcr sections much of 
the beet work ig done by the grower's family or by other white labor. In 
Celiformia,;«fomily labor represcnts a noeglirible ‘part of that used for 
thinning, hocing, topping and loading the crop. The work is done under 
contract , largely by Mexicans ond Filipinos. It is expectcd thet many of 
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the latter will take advantage of the free transportation to the Philippine 
Islends provided by the Government. 


The experimental program of the Burcau of Agricultural Ingincering 
ond cooperating egencics on sugar beet machinery has chiefly been aimed 
at the reduction of these two seasonal labor peaks. It has consisted 
largely of work on equipment for hill planting, mechanical blocking and 
thinning, harvesting and some special problems or practices which have 
developed, particularly crust breaking at sced germination time and bed if 
or ridge planting. { 


The usual practice of growing sugar beets is to drill the seed in 
a continuous row at a rate of 18 to 20 pounds of sced por acre. After 
the seedlings are up end well established they are thinned to single 
plents usually at about 10 or 12 inch intervals. On an average stand the 
thinning operation reduces the number of seedlings in a hundred inches of 
row from between one and two hundred to about eight or ten. 


The planting of sugar bects in hills was suggested as it would 
have the following cdvantages over the usual practice: It skould reduce 
the spring labor peak by climineting blocking. from the blocking and thinn- 
ing operation. It would save seed, thereby decreasing production costs. 
The. 20 pounds of secd usually used costs $3.20 at the present price of 16 
cents per pound. Hill planting requiring seven to cight pounds of seed 
per acre would not cost over 51.28 resulting in 2 saving of ncarly $2 por 
acre. Hill planting should also result in a more uniform stand which 
would tend to increase production. It is thought thet perhaps fertilizers 
could be used more advantageously with beets in hills. It is also thought 
that hills of beets could more easily break through soil crusts which 
often form following rains at germination time. 


The Bureau of Agricultural Engineering, working with the California 
and Colorado Agricultural Experiment Stations, began experimental vork on 
a hill planter for suger beets about four years ago. It was knomthat 
beet seed dropped irregularly because of its roughness and its low density 
of 18 to 19 pounds per bushel. One commonly used planter with a celled 
seed plate drops bunches of secd on sevon inch centers yet the seed act- 
ually reaches tho furrow in ca more or less uniform drill. It was thought 
that the difficulty which would be encountered in building a hill planter 
for the crop would be to get compact cnough hills. 


some experimental work had already been done at Ames, Iowa, on a 
hill planter using a corn planter type mechanism for sugar beets. It was 
found that the flepper velves would only work up to about 90 times per 
minute. Such a speed would give 23.5 inch hills at two miles per hour 
forward travel of the planter. Sugar bects cre desired at 10 to 12 inch 
intervals, sometimes closer. It was thercfore decided to use a seed 
plate acting as a retary valve for the hilling mechanism. One row models 
were designed and built using a sced plete in a vertical plane. Seed cells 
in the circumfcrence of the platc accumulated seed as they passed through 
a seed hoppor, carricd the seed dow.mward and discharged it near the bottom 
of the opened furrow. The peripherel speed of the seed plate was approx- 
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imately equal a the fort ni travel of the planter and as the plate turned 
in the direction of forvord trevel, it virtually functioned as a wheel runn- 
ing on the ground though it. was power driven, The sced in the cells thorce- 
fore was practically cceng with respect to the ground at the time of 
discharge and as the drop was only an inch or two, there wes practically no 
seed scatter. Both neta. and plunger sccd eenoce were used on different 
models to effect positive dropping of the secd. After a satisfactory mech- 
enism wes developed, units were constructed to use on a field planter and 
experimental plantings were made. 


The farm machinery industry has alse been experimenting with hill 
plenters for sugar bects during the pest few years and a number of machines 
have been built. Two manufacturers nov have hill planters for suger bects 
on the market. One of these head five machines in California last season. 
Experimental plantings were made with these planters ond with the planter 
developed by the Bureau and its cooperators. Stand counts and thinning 
studics were made on thesc plantings. 


It was found that bects could be satisfactorily plented in hills 
vith either type machine, The plentcr which had been developed by the 
Bureau gave especially compact hills. This compactness of hill was noted 
on the first experimental plantings made during the development stage and 
it was thought then that such hills might bc difficult to thin commercial- 
ly. This later proved to be truc in some casos. 


The experimental hill plantings gave the following results: The 

seed saving amounted to from 60 to 65%. Approximately 17% of the thinning 
time was saved on sedimentary soil beets. On peat land in the Sacramento 
River Delta, however, whore germination conditions were ideal and the stand 
very good, the scedlings in each hill were thick and closely grouped and it 
took 22% longor to thin the hill planted beets than comparable drill stands. 
The usual drill seeding rate on the peat is less than the customary 20 pounds 
per acre of other soils and the secding rate for the hill planter probably 
should have been less. 


An objectionable feature. of the hill planting appeared in the expor- 
imentel plantings, nomely the loss of entire hills during the thinning 
operation. Where the sccdlings in the rie Were very compactly grouped | 
and especially on the loose peat soils where the growth vas repid and the 
roots quickly became interwoven, it was difficult to pull out all but one 
secdling, Often all scedlings in the hill came out together. Losses 
rengcd from 15.6% on sedimentary soils to 19.7% on lato thinned, peat land. 
bects. In gencral it was found that the hills were slightly too compact. 
This difficulty can be remedied however ond chenges have been made in 
later machines to increase the socd scattcr. More machines have been put 
out this season and on increased acreage has been hill planted. 


Mechenical cross blocking was developed a fev yoars ago and has been 
discussed at a previous meeting. A description is given in U.S.D.A. Leaflet 
97 entitled "Cross Blocking Sugar Bects by Machine” Which was published in 
1933. This practice of blocking the bects mechanically using an ordinary 
cultivator equipped with weeder knives spac. 1d to leave the desired size 
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blocks and working crosswise of the rows Is increasing in popularity. 
In many areas it is the accepted syston. Because large aereages can be 
rapidly covered the timeliness of the operation is especially important 
to some growers, particularly in California where the demand for hand 
labor at blocking and thinning time is high. 


A new dovelopment in mechenical blocking is its cxperimental use 
for mechanical thinning. Knives with a tvio-inch cut are set on three- 
inch centers thus leaving fcur uniformly spaced, one-inch blocks per 
foot of row. A number of these inch blocks will contain single secdlings 
and others tivo or three. By using a long handled hoe for thinning end 
leaving some dcubles the labor of thinning is materially reduced and 
satisfactory stands were cbteined. 


A formula wos developed, in connection with the cross blocking, 
for determining the theoreticel after-thinning stand from the germinction 
stand, the width of cut of the knives and the width of bect blocks left. 
Using this same formule for one inch blocks left with two inch blanks 
between ond on a good stand of beets, there would be over two hundred 
bect-containing blocks per hundred fect of row. From previous ordinary 
cress blocking work it was dctermincd thoorctically that around seventy 
of the inch blocks would contain single seedlings. 


Counts made on a plot experimentally thinned shoted that there 
were 209 bect-containing blocks loft per 100 feet of row? and of these 
65 cortained singles. The average beet in tu¢ mechanically thinned plot 
was smaller at hervest time than a comperable hand thinned beet in an 
adjacent plot, but there vere more markoteble beets per 100 feet of row 
in the mechenical thinning. The yield cf the machine thinned bects was 
slightly higher. 


The fall labor peak in producing sugar beets oceurs at harvest 
time. More exporimental work had been done to develop machinery to do 
this job mechanically than has been done on all other phases of mechan- 
izing the crop. Experimental machines have been built for many ycars 
end numerous patents have been granted, yct we still de not have a sugar 
beet harvester in commercial production and in general usc, However, 
it looks as though vo may have a. commercially accepteble machine before 
longe 


Harvesters have been of two general types, those topping the bects 
in the ground and elevating the topped roots and those elevating thé 
beets, tops and all, and topping in the machine, Of thc harvesters of 
the former. type, Chat is topping in the ground, none has as yet been 
satisfactory and not particularly because of unsatisfactory topping. 

Some of the machines have done a fairly satisfactory job of topping using 
a floating topping knife, sometimes reciprocating or revolving and on 
other machines stationary. Height of topping has been gaged by shoc, 
wheel or track. | RS 


In general, the greatest difficulty with this type of harvester 
hes been the separation of beets from clods after the. beets have been 
topped and elevatod. Many devices have been tried for mechenical separ- 
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ation such as sheking or bumped conveyors, picrcing type pickup wheels on 
conveyors with a rubbing or rolling action. Hand scparation has also becn 
tried but under cloddy conditions there wore tco many clods to be picked 
from the bects end the bects came up too fast for a reasonable number of 
men to triek them from the clods. 


There are at present several harveste:s of the topping-in-the machine 
type in various stages of development. Onc has progressed to the point where 
it seoms to be very near the commcreial stage. . It was started several years 
age from ‘a commercial red bect harvester built by the seme company. One of 
the earlier models was described at the Deccmbcr meeting in 1951 by E.h. 
Mervine and the paper was leter published in. Agricultural Imginccring. 


Successive models have been built each ycar sinec. The harvester has 
evolved from a heavy, expensively ccnstructed, self-propcllcd machine to one 
mich lighter ond less expensive. It is a trailer or pullicd mechine using a 
power teke-off from the pulling tractor tc drive elevating and topping mech- 
snisms. It is now a 2,600-peund machine comparable in mechanical construc- 
tion to a corm .picker. It is « single row. machine which can readily be 
pulled by a tractor of 20 or 22 dravber horsepower cven in hard, dry, heavy 
scil. 


The machine has a pair of gathering points similar to a corm binder 
which straddles the row boing harvested end lifts the leaves. A pair of 
rubber-faced clevating chains grasps the bcet tops and at the same time a 
lifting plow running directly under the beet row loosens the roots. As the 
harvester travels forvard the clovating chairs carry the beets back and up- 
Wards, thercby lifting them by the tops nearly vertically out of the ground. 
The beets arc cloveted to and erosped by a pair of roller bars. This unique 
mochanism works the beet top up between the moving bars until the crown is 
against the bottom of the bars which gage it for topping. At the sane time 
the roller bers meve the beet back to the two rovolving disk topping knives. 
These disks have scrretod cdges end turn tovards cach other, in that way 
pulling the bect inte the knives as it is topped. The disks are set ct an 
angle which gives an inverted V or roof-likc cut to thc top of the beet. 


The topped beets cre dreppced onts 2 cross conveyor clevator which 
carries thai to a smell hopper helding cbout 200 pounds. They aro. throw 
over & gap from the end of the elevator into this hopper to effect a separa- 
tion from leaves and dirt. The cperctor on the machine dumps the beets in 
piles forming cress Windrovws. 


The crowms and tops cre carried beck from the knives tc a cross con- 
veyor. This conveyor hes on intermittcnt drive cngaged by the operator to 
dump the tops in piles also forming cross Windrows. The tops are thus 
saved for feed in bettcr shape end with less loss than by much of the hand 
hervesting. 
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Two of those harvesters wore built this past yoar. One was testcd in’ 
three districts in California and in Colorado. The othcr was used in Ohio. 
In California the machine was tosted cn sedimentary s0il, particl sedinont, 
and peat soil, to determine its possibilitics under the different conditions 
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found there. Perfornancé tcsts were made latcr in Colorado to deter- 
mine the comparable quelity of its vork. 


The harvester-was found to do-’very creditable vork where the 
bects wore at all uniforn‘in tops and in height ebove the ground. An 
occesional beet was missed because its crown stuck up above the. ground 
or beceuse of a poor tep but in gencral the tops were satisfactory for 
the harvester. On the perticlly scdimentary soil, whore some of the 
tops were poor because of a spring attack of mildev, the loss from beets 
rissed in the field was less then 2 per cent. Counts made on a number 
of hand harvested ficlds in California showed en average loss of 24 per 
cent. 


An occasional bect topped in the machine had to be hand trirmed 
by the operctor, but'the average topping jcb done by the harvester was 
comparable with the usual run of hend topping. In gencral the machine 
performed in a most encouraging manner and a number of grovers end 
sugar corpany represcntatives who visited it in cpcration Were very en- 
thusiastic about it. 


The following rosults were obtaincd during the performance tests 
made during the carly part of the harvest season in Coloredo. 


' Hend he chinc 
Hervested _Harvestcd 








Dirt: tare | 7 86% 4.68% 
Top tare | -84% 1.15% 
Total tere 8.70% 5 83% 
Low topping loss 1.46% 2.2% 
Bects missed tonnage 2.4*% ~38% 

Total loss i 3.86% 2.58% 
Weight saved duc to "roof" of 

machine cut Pete feakiig eens 
Net loss 3.86% 48% 
Beets missed number | | 1.02% 
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* Average loss in seoverel Cclifornic fiolds. 
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Under some ficld conditions the harvestcr did not do as good work 2s 
the abcve table shows. However, under average conditions or better the 


mechine apparently dees topping cqually as good es or better than hance work. 


This hervestcr, as has been mentioned, dumps the bects from a hopper 
into piles forming cress windrows. There is no reason why the clevator to 
the hepper could not be extcnded end carry the beets directly into a truck. 
However, for experimental uses the small hopper is preferable and for com- 


merciol use in the eestern areas where individual acreages are smaller, the 


hopper seems quite satisfactory. 


We understand that the ccrpany is building six machines fcr this 
season's harvest. Seme minor chonges are being made in the hitch end power- 
take-off and some points are being strengthened, but, in general, the machine 
will bo similar to last year's harvesters. 


Other problems than thet of reduction of labor peaks heve come up in 
the suger beet machinory rescarch. Once that occurs more or less each year 
is thet cf soil crust formation following rains at seed gormination time and 
the breaking of this crust. Many different kinds of cquipment have been 
tricd with varying degrees of success. 


A ¢rust breeker has recently becn developed which hes proved very effec- 
tive in handling the situation. It consists of units made up of small, 
spiked whecls similar to rotary hoe wheels. The wheels are alternately 10 


and 11] inches in diameter, the Larger whecls fitting locsely cnough on the 
shaft so thet all wheels teuch the ground. This provides « self-cleaning 
feceture. A set of these units covering each bect row is mounted on on ordin- 
ary beet cultivator. Repeated tests have proved thcse crust breakers to be 
very sctisfactory. 


Bed planting of sugar beets is c new practice creating a demand for 
Sore Tew type equipment. It criginated in California in 1950 and 1931 and 
is increasing in populerity in some of the irrigatec districts. It consists 
of listing up ricegcs on 40-inch centers, harroving then down in the spring and 
plenting two rows of beets on the flet topped beds which are epycomiaEtesy 
Six inches high. The practice origineted in head lettuce growing and in gen- 
eral the lettuce planting cquipment of sled bed planters, cultivators, etc., 
is used. This method of planting when eppliec to sugar beets presents a 
spring probler. of clean-up of Weedy, over-winter beds. Equipment is being 
developed to neet this situation of weed control as well as cthors arising 
from the application of the practice tc sugar beets. 





l. - A field of hill planted sugar beets on, the peat land of the 
Sacramento Delta just before being thinned, showing blanks. 





2. = Sugar beet harvester successfully handling a 22 to 25 
ton per acre crop. 








4. - The new crust breaking wits mounted on an 
ordinary beet cultivator were very effective. 





5. - Bed planting of sugar beets necessitates the developmen’ 
of new equipment. 





